ABSTRACT. We studied the associations of the weaning litter weight (WLWt) and number of pigs weaned (PW) with measurements of postweaning reproductive performance and examined the repeatability of WLWt, PW and average pig weight at weaning (PIGWt) on commercial swine farms. This study spanned 6 years and was conducted using 57,611 weaning records from 11,574 sows born in 1999 on 92 farms. Variance components analysis was used to determine the repeatability of measurements of lactational performance. Mixedeffects models were used to analyze the associations of measurements of lactational performance with farrowing rate and weaning-tofirst-mating interval. The values for repeatability of WLWt, PIGWt and PW were 0.31, 0.34 and 0.17, respectively. No differences in weaning-to-first-mating intervals were found among the five PW groups (≤ 6, 7 to 8, 9 to 10, 11 and 12 to 14 pigs) or among the three WLWt groups (≤ 48.0, 48.0 to 69.0 and ≥ 69.0 kg). Sows with 12 to 14 PW had farrowing rates similar to those with 9 to 11 PW. Sows with a WLWt ≥ 69.0 kg had the highest farrowing rate (P<0.01). However, sows with 11 PW had an approximately 100 to 200 g lighter PIGWt than those with 4 to 10 PW (P<0.01). This study suggests that increased WLWt and PW do not impair postweaning reproductive performance, but instead decrease PIGWt.
Weaning litter weight (WLWt), number of pigs weaned (PW) and average pig weight at weaning (PIGWt) have been monitored as measurements of lactational performance for individual sows on commercial farms [5] . The WLWt implies milk production of the sows, and an increased milk yield increases the litter growth rate during lactation [1, 15] . A heavier PIGWt is also associated with heavier average daily gain to market [3, 12] , and each additional PW increases by 2.17 pigs per mated female per year [7] .
High milk production may impair reproductive performance in sows as it does in dairy cows [2] . A high WLWt and large litter size may indirectly decrease postweaning reproductive performance because of high milk production and body reserve loss in sows [13] . The associations of WLWt and PW with measurements of postweaning reproductive performance, such as weaning-to-first-mating interval and farrowing rate, have not been well studied. Few researchers have reported what PW is the best to maximize PIGWt and postweaning reproductive performance.
Producers may use PW or WLWt as a criterion for culling because poor lactational performance accounts for 4.9% of culling in all removed sows [11] . Few reports show the associations of PW and WLWt at each parity with sow longevity measured as removed parity. Additionally, the repeatability of WLWt, PW and PIGWt has not been documented on commercial swine farms.
Therefore, the objectives of the present study were to examine measurements of lactational performance between parities, the repeatability of WLWt, PW and PIGWt, the associations of WLWt and PW with the measurements of postweaning reproductive performance, and the associations of PW and WLWt at each parity with removed parity.
MATERIALS AND METHODS

Data:
The data was extracted from an existing database. The database was constructed in the following manner. All producers (approximately 140 farms) in Japan using a recording software system (PigCHAMP) were requested to mail their data files to the School of Agriculture, Meiji University, either when they purchased the software or when they renewed their yearly maintenance contract. By August 31, 2005, 122 farms mailed their data to the university; however, 21 farms did not have records of sow's birth dates, and two farms did not have records of WLWt. The histogram of the birth dates of gilts for each month was checked for each farm. Farms with a frequency of more than 50% of two birth days (1st and 15th) were excluded from this study (seven farms) because these farms were not thought to accurately record birth dates and lifetime records.
Farm description: In this study, the sows on the farms were mainly F 1 crossbreds of Landrace and Large White produced within the farms or they were replacement gilts purchased from international breeding companies. The breeding stock was originally imported from the United States or Europe. Lactation and gestation diets were formulated using corn and soybean meal. The producers involved with this study were strongly encouraged by their veterinarians to maximize the lactational feed intake of sows. Most of the farms placed the farrowing crates and creep areas on totally or partially slotted floors with plastic coated metal wires. Natural or mechanical ventilation was used in the lactation barns.
Data and exclusion criteria: The lifetime records of sows from 1999 to 2004 were obtained from each data file and used for analyses. The database contained 62,246 weaning records for 12,581 sows from 92 farms. The data files were also checked for missing records. Missing records for WLWt (1,972 weaned records in 481 sows), removed parity (61 weaned records in 13 sows) and sows with a weaningto-first-mating interval > 114 days (32 records) were excluded from the analyses. Sows with a lactation length < 14 days were excluded because these sows were likely to be removed due to poor performance during the early part of the lactation period (398 weaned records from 87 sows). Sows with a lactation length > 28 days or with > 14 PW were also excluded because these sows might have been used as nurse sows for ≥ 2 litters (2,172 weaned records for 426 sows). Therefore, 57,611 weaning records from 11,574 sows were used in the present study.
Category: Parity was categorized into the following six groups: 1, 2, 3, 4, 5 and ≥ 6. Five groups of PW were formed based on the 5, 25, 75 and 95 percentiles of weaned sows as follows: ≤ 6, 7 to 8, 9 to 10, 11 and 12 to 14 pigs. Three WLWt groups were constructed based on the upper and lower 25 percentile of weaned sows as follows: ≤ 48.0, 48.0 to 69.0 and ≥ 69.0 kg.
Statistical analysis: Individual weaning records were used as the observational units in this study. All statistical analyses were performed in SAS [14] . The linear mixedeffects model using the MIXED procedure was used for parametric variables, and mixed-effects logistic regression analysis using the GLIMMIX procedure was used for farrowing rate. Contrasts were used to compare the farrowing rates between the parity, PW and WLWt groups. Least square means and Tukey-Kramer post-hoc multiple comparisons were used to compare parametric measurements. Three statistical models were constructed in the following manner.
Model 1 was used to compare WLWt, PW, PIGWt, farrowing rate and weaning-to-first-mating interval between the parity groups. Model 2 was used to determine the associations of the five PW groups or three WLWt groups with farrowing rates and weaning-to-first-mating intervals. The independent variables were the five PW groups or the three WLWt groups, parity and lactation length.
Model 3 was used to compare removed parity for the five PW groups and three WLWt groups in relation to each parity. The independent variables were the five PW groups or three WLWt groups for each parity and lactation length. The random effects were farm, farrowing year, the four periods based on the three-farrowing month intervals of the year and the three-way interaction of farm x year x the four periods in all statistical models. The three-way interaction was used to account for part of the correlations of the data within a sow in the model.
Repeatability: Variance components analysis was conducted using the VARCOMP procedure. For WLWt, PW and PIGWt, repeatability was calculated as s . The fixed effects were parity, farrowing year and farrowing month, and the random effect was sow nested within farm. Analysis of WLWt and PIGWt included lactation length and the number of pigs weaned as fixed effects.
RESULTS
Of 57,611 weaned records for 11,574 sows, the means of parity, average lifetime PW and removed parity were 3.6 ± 0.01, 9.3 ± 0.01 pigs and 5.0 ± 0.02, respectively. The sows of the 2 and 3 parity groups had the highest WLWts (P<0.01; Table 1 ). The largest numbers of PW were obtained from parities 2 to 4 (P<0.01).
The frequency distribution of sows with 9, 10 and 11 PW were 19.9%, 28.2% and 19.6%, respectively. Figure 1 shows the least square means of PIGWt by PW. Sows with 11 PW were approximately 100 to 200 g lighter in PIGWt than those with 4 to 10 PW (P<0.01). The values of repeatability for WLWt, PIGWt and PW were 0.31, 0.34 and 0.17, respectively ( Table 2) . Table 3 shows comparisons of weaning-to-first-mating intervals and farrowing rate for the five groups of PW and three groups of WLWt. No differences in farrowing rate were found between 9 to 10, 11 and 12 to 14 PW (P>0.10). Sows with 9 to 10, 11 and 12 to 14 PW had higher farrowing rates than those in the other two groups (P<0.01). No differences in weaning-to-first-mating intervals were found between the five PW groups (P>0.10).
Sows with a WLWt ≥ 69.0 kg had the highest farrowing rates (P<0.01; Table 3 ), and sows with a WLWt ≤ 48.0 kg had the lowest farrowing rates (P<0.01). No differences in weaning-to-first-mating intervals were found between the three WLWt groups (P>0.10). Table 4 presents comparisons of removed parity for the five groups of PW and three groups of WLWt in relation to each parity. Sows with a WLWt ≥ 69.0 kg and 11 to 14 PW from each parity had the highest removal parity (P<0.01).
DISCUSSION
The results showed that the mean PW of the parity groups ranged from 9.1 to 9.6 pigs, and this was consistent with a previous report showing that the mean PW of herds in the U.S.A. range from 8.7 to 9.5 pigs [6] . We also estimated that approximately 68% of the weaned sows on commercial farms were suckling 9 to 11 pigs.
These findings indicated that a heavy WLWt and ≥ 12 PW did not impair the farrowing rates and weaning-to-firstmating intervals. Fostering techniques can be used to adjust the number of pigs to 12 or more as far as functional teats are available for the piglets. In contrast, sows with ≤ 6 PW or a WLWt ≤ 48.0 kg had weaning-to-first-mating intervals similar to those of sows with ≥ 7 PW or a WLWt > 48.0 kg; however, they had the lowest farrowing rate among the five PW groups and three WLWt groups. These results cannot be explained biologically, but may be related to manage-ment. When sows perform poorly during early lactation, a few piglets may be transferred from the sows to other sows. Poorly lactating sows can resume estrus, but their farrowing rates might decrease [9] .
The present study showed that a PW of 4 to 7 pigs is necessary to maximize PIGWt. The steeply decreased PIGWt with an increased number of PW, from 11 to 14 pigs, can be explained by the limited milk yield of the sows with large litters. An increase in the amounts of milk replacer or creep feed beginning at 5 days old may allow full expression of growth potential in litters with 11 or more pigs. Increasing birth-to-weaning gain by providing creep feed increases postweaning rates of gain [4] .
The repeatability of WLWt and PW was relatively higher than that of a previous report showing repeatability of 0.10 for PW in French commercial herds [10] . Japanese herds may be different from French herds in relation to fostering techniques and other management techniques. For example, French herds have a longer lactation length (27.1 days) than the Japanese herds in the present study (21.8 days). This study also suggested that WLWt and the number of PW in sows might be practically repeatable to a certain degree on commercial farms.
The present study indicated that a lighter WLWt and fewer PW were related to low female longevity. The producers in the present study may have culled sows with poor lactational performance at each parity. Increased amounts of feed intake and increased lactation length at subsequent parity [8] can be considered for sows with poor lactational performance, although some degree of repeatability was found for WLWt and PW.
In conclusion, healthy lactating sows have the potential to carry 12 or more piglets with appropriate pig weights. Judicious management, such as increasing the feed intake of sows and increasing the amounts of milk replacer or creep feed for piglets, can maximize lactational performance and improve herd productivity.
Finally, the lack of the information concerning health status, nutrition and genetics was a limitation of this observational study, which used production records from commercial farms. Even with its limitations, this study provides valuable information to swine producers and veterinarians concerning lactational performance. 5. 
